INTRODUCTION
Technological advances have revolutionized several industries, including previous business models, with disruption from outside the core industry players in many cases. [1, 2] Typical examples are Uber and Amazon, which have significantly changed consumer, and hence supplier, behavior. [3] Healthcare, while at the cutting edge of technology in some areas such as magnetic resonance and positron emission tomography imaging, has not yet been disrupted by the impact of digital technologies ("Digital"). Indeed, in the United Kingdom (UK), the National Health Service (NHS) has remained the single largest buyer of fax machines despite this technology being antiquated in other sectors and countries. [4] Furthermore, many "digital strategies" in health-care largely represent incremental information technology (IT) upgrades, rather than cohesive strategic approaches to maximizing opportunities of future technology and alignment with changes in other industries.
CATEGORIES OF DIGITAL IMPACT IN HEALTHCARE
Of course, technology will ultimately transform the entire health-care industry, but at present, broadly, there are four main categories of health-care activity in which digital will impact in short-to-medium term. First, efficiency -using digital tools to do tasks currently performed but in a more efficient manner. An example would be the use of a mobile electronic recording of nursing observations or use of monitors with direct interfaces to patient records. Second, safety -by using digital tools to prevent adverse events and improve patient safety. An example would include automated prescribing guideline adherence systems and recordable operating room checklists. Third, the use of digital to augment the capabilities of existing health-care staff. An example would be the use COMMENTARY make such information available to health-care providers would be transformational. While free-text search engines allow identification of references, evaluation of their content, context, relevance, and connectedness, remain the responsibility of the practitioner. This area is clearly common across industries and requires intelligent natural language processing (NLP) with an understanding of language and concepts rather than simply identification of text, proximity, etc., and is proving challenging. However, several examples have been described using AI systems to provide such information, although, at present, extensive human curation is required. [11] Indeed, the term "Literome" has been suggested as a concept to encompass all the literature related to a particular search, field, or disease. [12] Sensors and automated physiological data capture The availability of an increasing range of sensors on consumer devices has expanded, with concomitant increased availability and functionality of health-care-specific sensors.
[13] Many of these can capture both clinical observations that would previously have been routinely recorded manually, such as heart rate and blood pressure, in addition to a range of other activities not previously recorded in routine clinical practice, such as micromovements, skin impedance, and geolocation. [14] This technology will lead to the routine availability of substantial volumes of "additional" physiological data, which is not currently part of clinical care, raising both opportunities for development of novel "digital biomarkers" but also raising issues for clear that all image-based investigations will ultimately become digitized, and hence, the data potentially machine learnable (for example, digital pathology is developing as a specific field). [6] Furthermore, once imaging investigations are digitized, and hence simply represent data points, the ability for "intelligent systems" to integrate such data with clinical findings, laboratory investigations, and complex data sets such as "OMICs," becomes possible, allowing for personalized evaluations and novel observations to be detected. Novel imaging approaches are being developed, and proof of principle of systems for providing diagnostic augmentation are already well described [ Figure 1 ]. [7] Knowledge search and integration The NCBI PubMed database contains >27,000,000 scientific health-care publications, with vastly more available online from other sources if abstracts and conference proceedings are included. [8, 9] This volume of scientific data is impossible for any health-care professional to read, even restricted to the available literature in their field, or to be able to search, retrieve and connect features across multiple publications [ Figure 2 ]. Given that, on an average, it takes >15 years for published data to be translated into changed clinical practice by the majority of doctors, [10] simply the ability to rapidly and intelligently health-care systems regarding such data capture, storage, and interpretation in the appropriate clinical context.
Augmented, mixed and virtual reality
The ability to present clinically relevant information in novel ways, through augmented reality, mixed reality, and virtual reality systems opens the possibility to allow health-care professionals to interact with patients and their data in previously impossible ways. Examples include apparent three-dimensional representations of imaging datasets, [15] and superimposition of imaging or other data into a surgical operating field. [16] Furthermore, these technologies facilitate entirely new modes of education and learning for both patients and health-care staff, either disease or procedure-specific. [17] Simulations Advances in computational methodologies have resulted in digital simulations, or models, of a range of physiological and pathological processes. Such simulation-based studies have been used for accelerated drug discovery, pharmacokinetics, tumor growth and blood flow modeling, cardiovascular dynamics, and even system-based health economic simulation. [18, 19] The availability of increasingly detailed datasets, in conjunction with scalable, compute capability, will allow evolving advanced simulations, with the ultimate aim of simulating entire human physiology and functions, from which modeling of disease states and therapies can be derived [ Figure 3 ]. [20] 
Robotics
The current use of robotics in healthcare is relatively rudimentary, primarily being used for manual tasks such as portering or drug dispensing, and for aiding manual dexterity in surgical procedures. [21] However, with advances in NLP, AI, and ML exponentially more health-care tasks are likely to be augmented or replaced by robots/virtual entities, such as, initially, reception, triage, and standard care advice, but ultimately, the majority of clinical diagnosis and management decisions. [22] The patient acceptance of such major changes to healthcare are likely to be related to the parallel integration of robots and virtual assistants into other areas of consumer and daily life, and this area is often associated with the greatest emotional resistance both by the public and health-care staff.
CURRENT CHALLENGES TO MAXIMISING DIGITAL HEALTH
Paradoxically, the health-care systems themselves remain one of the major barriers to rapid integration of the benefits of digital. Fundamentally, in order for all aspects of digital healthcare to work, existing patient level health data should be available, either for care integration of technologies or research and development of digital health tools. Many health systems worldwide, even in developed countries, continue to rely on paper-based systems of patient records and even systems with more widespread electronic patient record (EPR) implementation may be limited to secondary use of such data, since EPR systems may be proprietary, with no common data format or tools to maximize further data use. There is however, now increasing interest in developing common data interchange, storage, and use standards, such as FHIR and openEHR, which will drive interoperability of systems. [23, 24] Nevertheless, since patient-level data are required for such development, a significant piece of work is required to engage patients and families around safe, secure, and appropriate use of their health data.
[25]
In addition, partly due to these underlying systems, many current health-care staff are poorly skilled to implement novel digital technologies and a recent report in the UK highlighted the need for rapid development of clinical/health informaticians, who are trained and competent in both digital and healthcare understanding. [26] As such, IT, EPR platforms and the integration of novel technologies should be seen as "core business" for hospitals, rather than the role of IT as a "support" service for clinical care.
HEALTH DATA INFRASTRUCTURE
To derive benefit from current routine and future health-care data to improve outcome for patients, platforms are required which allow secure, scalable storage of data for secondary or research use, in addition to robust mechanisms for deidentification of datasets. Furthermore, extensive governance arrangements are required to include control of activity, data access, auditability, and data quality. [27] Nevertheless, the potential benefit of leveraging health-care data has been recognized by two recent reports on behalf of the UK Government, [28, 29] and significant work is ongoing to formalize elements of health data use for public good-based around the Health Data Research UK infrastructure, in addition to public consultations and developments by NHS Digital. [27] 
IMPLEMENTING DIGITAL IN HEALTHCARE
Although, the elements are in place for potential massive transformation in health-care delivery based on digital technologies, as described above, to derive benefit for patients at scale, the challenge will be driving implementation at the level of individual institutions. The importance of senior, executive-level, clinical staff, such as Chief Clinical Information Officer and Chief Nursing Information Officer to ensure clinical engagement has increasingly been recognized. [30] However, widespread change will require the development of clinical care staff with an openness to new technology, and an understanding of technical aspects require to drive implementation. The UK has recently established the Faculty of Clinical Informatics to drive this development, promoting technological understanding, and expertize as an increasingly important component of healthcare.
[31]
CONCLUSION
Developments in digital technologies are reaching the point of providing opportunities for significant transformation of healthcare with widespread potential for patient benefit. However, to maximize such opportunities, major new strategic and infrastructure models are required for health-care organization, health professional training and expertize, and models of direct clinical care.
